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SECTION I 
INTRODUCTION 
This  r e p o r t  p r e s e n t s  t h e  r e s u l t s  of t h e  t h i r d  and f i n a l  phase of a 
des ign  s tudy d i r e c t e d  towards determining t h e  optimum conf igura t ion ,  and 
corresponding engineer ing g u i d e l i n e s  f o r  a ground s t a t i o n  f o r  a deep-space 
o p t i c a l  communications system. 
Phase I cons is ted  of broad examination of a l t e r n a t i v e  approaches, 
wi th  p a r t i c u l a r  emphasis on a comparison of coherent d e t e c t i o n  and i n t e n s i t y  
d e t e c t i o n  techniques.  The r e s u l t s  of t h i s  e f f o r t  a r e  documented i n  Perk in-  
E l m e r  Engineering Report No. 8393. 
The Phase I1 e f f o r t  cons is ted  of a d e t a i l e d  s tudy of t h e  s p e c i f i c  
c o n f i g u r a t i o n  s e l e c t e d  by JPL from t h e  a l t e r n a t i v e s  descr ibed  i n  t h e  Phase I 
Report .  The designated approach was a f u l l y  s t e e r a b l e  te lescope  a p p r o p r i a t e  
f o r  coherent  d e t e c t i o n  ( o p t i c a l  heterodyning) a t  a wavelength near  10 microns.  
Aper ture  diameters  from 80 t o  120 inches were considered, although major emphasis 
was p laced  on t h e  l a r g e r  number, s i n c e  i t s  implementation p r e s e n t s  t h e  most 
s e v e r e  problems. The r e s u l t s  of t h i s  second phase, comprising t h e  major p o r t i o n  
of t h e  s tudy  program, appear i n  Perkin-Elmer Engineering Report No. 8558. 
Phase 111 was i n i t i a t e d  following approval of the Phase I1 Report and 
upon r e c e i p t  from JPL of t h e  Technical  Di rec t ion  Memorandom dated 3 January,  1967. 
It h a s  c o n s i s t e d  of a c o s t  s tudy of t h e  instrument  s t u d i e d  i n  Phase 11. 
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An engineer ing e s t ima te  
s tud ied  i n  Phase I1 of t h . i s  program 
SECTION I1 
COST STUDY 
For re ference  purposes, 
of the c o s t s  a s soc ia t ed  wi th  t h e  instrument  
has  been prepared. 
Figures  1, 2, and 3 i l l u s t r a t e  t h e  120-inch 
azimuth-elevat ion te lescope ,  i t s  i n s t a l l a t i o n  i n  an e l eva ted  dome, and an  o p t i c a l  
schematic of t h e  te lescope  and t ransce iver ,  r e spec t ive ly .  These f i g u r e s  a r e  
taken from t h e  Phase I1 r epor t ,  however, t he  f r o n t i s p i e c e ,  F igures  1 and 2 have 
been modified t o  r e f l e c t  JPL's r eques t  f o r  d e l e t i o n  of t h e  obse rve r ' s  cage,  It 
should be noted t h a t ,  i n  F igure  2, removal of t h e  cage sugges ts  t h e  p o s s i b i l i t y  
of a r educ t ion  i n  t h e  s i z e  of t h e  dome. 
I 
Table I summarizes t h e  es t imated  f i r s t - u n i t  c o s t s  of such an i n s t a l l -  
a t i o n ,  wh i l e  Table I1 o u t l i n e s  some of the p e r t i n e n t  d e t a i l s .  A s  ind ica ted ,  t h e  
c o s t s  f o r  a number of i tems a s soc ia t ed  with the  bui ld ing ,  t h e  site, and a u x i l l i a r y  
i n s t a l l a t i o n s  have not been included.  These c o s t s  a r e  SO h igh ly  dependent on 
s i t e  c h a r a c t e r i s t i c s  and geographic loca t ion  t h a t  e s t ima tes  not  based on a 
s p e c i f i c  s i t e  s e l e c t i o n  would be r e a l i s t i c  a t  b e s t .  
I n  accordance wi th  JPL's t echn ica l  d i r e c t i v e ,  t he  o b s e r v e r ' s  cage 
and prime focus  p o s i t i o n  have been omitted from t h e  c o s t  es t imate .  
A s  shown, t h e  es t imated  c o s t  f o r  t he  f i r s t  i n s t a l l a t i o n  i s  $4,006,500 
of t h i s  amount, it i s  es t imated  t h a t  $1,210,000 r ep resen t s  non- repe t i t i ve  engineer ing 
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Figure 1- 120-Inch Aperture Azimuth-Elevation 
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and des ign  c o s t s .  The es t imated  c o s t  of a d d i t i o n a l  s i m i l a r  i n s t a l l a t i o n s  i s  
thus  $2.8 m i l l i o n .  
It i s  es t imated  t h a t  a minimum of t h r e e  years would be  
r equ i r ed  t o  complete an  i n s t a l l a t i o n  of t h i s  type.  This  e s t ima te  must b e  
q u a l i f i e d ,  however, w i th  t h e  obse rva t ion  t h a t  r e sea rch  and development e f f o r t  
i s  r equ i r ed  i n  s e v e r a l  a r e a s  be fo re  a f u l l - s c a l e  program can be  r e a l i s t i c a l l y  
i n i t i a t e d .  The major i tems i n  t h i s  category a r e :  
1. Atmospheric coherence diameter s t u d i e s  
a t  10 .6  microns. 
2 .  A s u i t a b l e  high-power argon l a s e r  f o r  
t h e  up-going beam which i s  used f o r  
s p a c e c r a f t  guidance . 
3 .  A s t a b l e ,  t unab le  C02 l a s e r  f o r  t h e  
l o c a l  o s c i l l a t o r .  
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TABLE I 
COST SUMMARY 
1 .o Telescope Pedestal 
2 .o Yoke 
3 .0  Telescope Structure 
4.0 Optics 
5 .O Transceiver 
6.0 Auxiliary Equipment 
Grand Total 
~ 
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($000 1 s )  
371.5 
304.5 
278.5 
1,315.5 
1,051.5 
685 .O 
4,006.5 
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TABLE I1 
COST DETAILS 
($OOO's) 
1.0 TELESCOPE PEDESTAL 
1.1 Concrete wi th  Base Ring 
1 .2  Lower Bearing S t r u c t u r e  
1.3 Thrust  Bearing Race Assembly 
1.4 Leveling Mechanism 
1.5 Electr ical  Junc t ion  Terminals 
1.6 S l i p  Ring Stack 
1 . 7  Azimuth Read-out Encoders 
1.8 Hydros ta t ic  Bearing Subsystem 
1 . 9  Azimuth Brakes 
1.10 Local Operator Control 
1.11 Azimuth Servo System 
1 .12  Assembly 
Subto ta l  
Eng i ne e r i ng 
2.0 YOKE -
2.1  
2.2 
2 .3  
2.4 
2.5 
2.6 
2 .7  
2 . 8  
2.9 
2.10 
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Yoke Weldment 
Left-hand Bearing 
Right-hand Bearing 
Observer Serv ice  Platform 
E l e c t r i c a l  Junc t ion  Terminals 
T w i s t  Cable 
Eleva t ion  Readout Encoders 
Eleva t ion  Servo System 
Eleva t ion  Brakes 
As s emb l y  
Sub t o t a l  
5 .O 
30.0 
12.5 
15.0 
7.5 
5 .O 
5 .O 
45.0 
15 .O 
15.0 
12.5 
-- 
167.5 
40 .O 
12.5 
12.5 
12.5 
7.5 
2.5 
2.5 
12.5 
15 .O 
-- 
117.5 
Manufacturing 
1 .o 
25.0 
10 .o 
12.0 
5 .O 
20 .o 
45.0 
30.0 
3 .O 
5.0 
40 .O 
8.0 
204 .O 
60 .O 
12 .o 
10 .o 
4.0 
5.0 
3 .O 
25 .O 
30 .O 
3 .O 
35.0 
187 .O 
T o t a l  
371.5 
304.5 -
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3.0 TELESCOPE 
TABLE I1 (Continued) 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
3.10 
3.11 
3.12 
S t r u c t u r a l  Tube 
Secondary S t r u c t u r e  
Primary S t r u c t u r e  
Counter Weight Servo 
Counter Weight Mechanism 
Mirror Cover Mechanism 
Secondary Focus Servo 
Tube Thermal Control  
Tube Baff l ing  
Dew Covers and Heaters 
Boresight  Telescope 
Assembly 
Sub t o t a l  
4.0 OPTICS 
4.1 Primary 
4.2 Secondary 
4.3 No. 3 Coude F l a t  and C e l l  
4.4 Opt ica l  Design 
4.5 Primary C e l l  
4.6 Secondary C e l l  
Subtota  1 
Engineerinq 
35 .O 
5 .O 
20.0 
2.5 
7.5 
15.0 
7.5 
15 .O 
12.5 
12.5 
5.0 
-- 
137.5 
15 .O 
7.5 
5.0 
20.0 
17.5 
10.0 
75 .O 
-
($OOO'S) 
Manufacturing T o t a l  
40.0 
7.0 
15 .O 
4.0 
10.0 
12 .o 
4 .O 
10.0 
10.0 
7 .O 
10 .o 
12 .o 
141 .O 
-
278.5 -
955.0 
90 .o 
62.5 
3.0 
100.0 
30.0 
1,240.5 1,315.5 
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5.0 TRANSCEIVER 
5.1 
5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
5.10 
5.11 
5.12 
5.13 
5.14 
5.15 
5.16 
5.17 
5.18 
Report No. 8691 
TABLE I1 (Continued) 
($000 ' 5) I 
2-Axis Tracking Mirror  Servo 
No. 4, 5, 6 Coude F l a t s  
Transceiver  S t r u c t u r e  and 
Coll imator  Parabola 
Swing-Away Mirror 
Beams p 1 i t t er 
Narrow Band F i l t e r  6328A 
Spike Pass 
Packaging 
0 
Dichro ic  Pass 10.6 R e f l e c t ,  
4 8 a d  
Vi s ib l e  Light  Tracker 
10.6 Micron Tracker 
10.6 Micron Cryogenics and 
200-watt Argon Laser System 
Kisley P r i s m  Servo Assembly 
S t a b l e  and Tunable 1 0 . 6 ~  loca l  
o s c i l l a t o r  Laser with 
s i n g l e  Side-band S h i f t e r  
Detec tors  
Detec tor  E lec t ron ic s  
Transmi t te r  Modulator 
Communi ca  ti ons E l e c  t ronics  
Transce iver  Assembly 
Sub to ta l  
Engine e r i n g  
15  .O 
10 .o 
50 .O 
5 .O 
2.5 
- -  
- -  
-- 
30.0 
45 .O 
17.5 
130.0 
15 .O 
37.5 
37.5 
2.5 
60.0 
10.0 
467.5 
T o t a l  Manuf a c t u r i n q  -
10.0 
3.0 
50 .O 
1 .o 
1 .o 
1 .o 
3 .O 
3.0 
15.0 
35.0 
15 .O 
250 .O 
12 .o 
20.0 
15.0 
10 .o 
40 .O 
100 .o 
584.0 1.051.5 
-
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TABLE I1 (Continued) 
($OOO's) 
Eng i n e  e r i n .  
6.0 AUXILIARY EQUIPMENT 
6.1 Poin t ing  Control  S t a t i o n  15.0 
6.2 Equa to r i a l  A l t i t u d e  Azimuth 2 . 5  
Converter 
6.3 
6.4 
6.5 
6.6 
6.7 
6 .8  
6.9 
6.10 
Transmi t te r  Control  S t a t i o n  5 .O 
1 0 . 6 ~  Control  S t a t i o n  5 .O 
Cryogenics Control  S t a t i o n  12.5 
Hydraulic and Hydros ta t ic  40 .O 
Boresight  Tower 15  .O 
Control  S t a t i o n  and P.S. 
Boresight  Tower Optics 5.0 
Boresight  Tower Laser -- 
Spacecraf t  S t a t i o n  Display 20 .o 
6.11 Spacec ra f t  S t a t u s  Display 50.0 
6.12 Telemetry Data Quick-Look 75 .O 
Sub t o t a l  245.0 
Display 
Grand To ta l  1,210.0 
T o t a l  Manufacturing -
20 .o 
85 .O 
10.0 
10 .o 
10.0 
35.0 
20 .o 
3.0 
7.0 
10.0 
30.0 
200.0 
440 .O 685.0 
2,796.5 4,006.5 
NOTE : 
The fol lowing i tems have not been included i n  t h i s  estimate: 
Auxi l ia ry  Power S t a t i o n  
Dome 
Building and Building Services  
Water Cooling System 
Air Condit ioning P lan t  
T ranspor t a t ion  Costs  t o  S i t e  
Erec t ion  Costs  of S i t e  
Local D i g i t a l  Computer 
Data Tape Recording 
S i t e  Development 
Roads 
Liv ing  Quar te rs  
11 
PERKIN-ELMER 
APPENDIX A 
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Pha -
ERRATA FOR PHASE I AND PHASE I1 REPORTS 
I Report (Perkin-Elmer Report No. 8393) 
Page 22, l i n e  10: Replace "bandwidth equal  t o  1 and 10 m c / s "  
wi th  "bandwidth equal  t o  0.2 and 2.0 mc/ s ' ' .  
Phase I1 Report (Perkin-Elmer Report No. 85581 
Page 44, l i n e  16: Sentence beginning "A s t r a i g h t  l i n e  ...l' should 
be omitted.  
Page 44, l i n e  18: Sentence beginning "Note t h a t  . . . ' I  should read, 
"Note t h a t  the  system i s  s u b s t a n t i a l l y  less s e n s i t i v e  t o  t i l t s  
of the  secondary than  t o  t i l t s  of t he  primary, and t h a t  l a te ra l  
displacements  of the  two mir rors  i n  the  same d i r e c t i o n s  in t roduce  
po in t ing  e r r o r s  which are of opposi te  s i g n  and hence a t  l eas t  
p a r t  i a  1 1 y cance 1. 
Pages 45-48: Replace F igures  VI-1 through VI-4 with  the  a t t ached  
r ev i sed  ve r s ions  thereof .  
Page 112: Receiver F i e l d  of V i e w  I 10 arc-seconds 3 48.5 pradians  
( n o t  4.85 vradians)  
Page 120, l i n e  2: Sentence beginning "As shown . . . ' I  should read, 
''As shown i n  F igure  VI-3 (Revised), t he  system i s  r e l a t i v e l y  
i n s e n s i t i v e  t o  t i l t s  of the  secondary mirror." 
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